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ABSTRACT 



The structural designer is continually faced with the 
problem of weight and cost optimization, especially in the 
area of ship design. 

The purpose of this thesis was to develop an acceptable 
design method which integrates cost and weight in the optimi- 
zation process of a typical ship structure. 

The structure considered here consists of a laterally- 
loaded panel stiffened by angle stiffeners in one direction 
only. Six particular arrangements were used in the formula- 
tion of the design procedure. Stiffeners oriented either 
parallel to the long or short side of the plate for each of 
three stiffener end conditions, over a typical range of cross 
panel aspect ratios were studied. The costing method utilized 
by the Boston Naval Shipyard for similar structures was used 
to complete a cost analysis for all the individual designs 
investigated. With the use of both graphical and analytical 
procedures, a design method which enables the designer to in- 
vestigate both weight and cost, and is acceptable for practi- 
cally all rolled angle stiffeners, was developed. 

This method gives the designer stiffener size, orienta- 
tion, number and end condition, plus plating thickness for 
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the particular weight-cost relationship he prefers, and the 
particular design stresses and scantlings he is forced to 
deal with. 
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INTRODUCTION 

Structural optimization, both in weight and cost, 
poses a definite problem which faces designers continuously. 
Less weight means more payload while complicated structures 
require greater construction costs. A superstructure assem- 
bly or a missile mount may require a least-weight design in 
a given situation, but what about hull plating? Minimum 
weight is definitely important but so is least cost. The 
most attractive design in practically all cases is a com- 
promise between the two. 

By placing appropriate emphasis on cost and weight, 
most designers would then like to be able to choose an ac- 
ceptable solution. If least-weight expressions could be 
integrated into a detailed cost estimation procedure, a de- 
sign method avoiding much trial and error might result. The 
purpose of this study is to produce such a design method for 
the structure described below. 

A gross panel, laterally loaded, and stiffened by angle 
stiffeners is a structure widely known in ship design circles. 
Such assemblies as side shell plating and many types of bulk- 
heads fall under this classification. Stiffener orientation 
here is not limited. They may be placed parallel to the short 
or long side of the plate. 

In this study six basic arrangements are investigated, 
two stiffener orientations for each of three stiffener end 
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conditions. The three stiffener end conditions are as 
follows: (1) simply supported (hinged), (2) fixed without 

brackets (semi-fixed), and (3) fixed with brackets (brack- 
eted) . 

Work in this area has been done by Harlander (Reference 
1) , who studied the least-weight applications of stiffeners 
oriented in one direction (parallel to the short side of the 
plate) with hinged or semi-fixed end conditions. His deriva- 
tions of equations which optimized weight using a stress 
analysis provided a basis for this thesis. Because of the 
widely accepted use of stress analysis procedures in the de- 
sign of shell plating, design stress will play the major role 
in this study. 

The development of a design method which acceptably 
integrates cost and weight in a simple, straightforward man- 
ner is the primary objective of this thesis. 



'fc • • • ■ • 

Work in deflection analysis for similar structures may 
be found in Reference 2. 
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PROCEDURE 

A. STIFFENER SELECTION 

The three main types of stiffeners used today in the 
construction of side shell plating and bulkheads are tee, 
angle, and flat bar stiffeners. In deriving least-weight 
equations for the gross panel structure, a mathematical 
expression for stiffener weight in terms of some variable, 
which would produce weight values for the stiffeners ap- 
proximating actual values, is desirable. As the procedure 
for the derivation of stiffener weight as a function of 
section modulus has already been developed by Harlander, it 
was determined here that his equation would be used. 

W g = - . 0114 z 2 + 1.035 z + 2.50 
Harlander developed the "weight per foot" equation for 
angle stiffeners by polynomial curve fitting. He used the 
values reproduced in Figure 7 of the Appendix. Further in- 
vestigation revealed that this equation is elliptical in 
nature, thereby placing limitations on the section moduli 
for which it is acceptable. Limits therefore must be 
placed on the size stiffener for which the derived least- 
weight expression can be utilized. By locating the maximum 
point in the equation, it was determined that only stiff- 
eners up to a section modulus of 45.4 in. 3 may be used in 
the derived least-weight expressions. This covers approx- 
imately the entire range of rolled angle stiffeners up 
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to a web height of eight inches. However, this does not 
entirely limit the design method developed herein, as will 
be shown later. 

Each type of stiffener may be handled separately in 
studies similar to this by developing a weight-per-f oot ex- 
pression for the class stiffener investigated. Time and 
convenience, however, dictated the use of angle stiffeners 
here . 

B. STIFFENER END CONDITION SELECTION 

Because previous work had been done in the simply- 
supported ana f ixed-without-brackets areas these two end 
conditions showed much potential for expansion into this 
study. Bracketed stiffeners were then chosen in order to 
complete a general overlook analagous to all the methods 
presently employed in ship construction. 

Using simple beam theory, a series of equations for 
section modulus as a function of salt water head, gross 
panel scantlings, number of stiffener spaces, and stiffener 
design stress were developed. 

For the hinged condition, the standard moment equation, 

2 

M = , was used to develop section modulus equations for 

8 

both stiffeners oriented parallel to the long and short 

k 

side of the plate. 

In the semi-fixed end condition, which may exist when 

k 

See Appendix I -A and I-B. 






